The objective of this study was to compare the reproductive performance of cows inseminated based on automated activity monitoring with hormone intervention (AAM) to cows from the same herds inseminated using only an intensive timed artificial insemination (TAI) program. Cows (n = 523) from 3 commercial dairy herds participated in this study. To be considered eligible for participation, cows must have been classified with a body condition score of at least 2.50, but no more than 3.50, passed a reproductive tract examination, and experienced no incidences of clinical, recorded metabolic diseases in the current lactation. Within each herd, cows were balanced for parity and predicted milk yield, then randomly assigned to 1 of 2 treatments: TAI or AAM. Cows assigned to the TAI group were subjected to an ovulation synchronization protocol consisting of presynchronization, Ovsynch, and Resynch for up to 3 inseminations. Cows assigned to the AAM treatment were fitted with a leg-mounted accelerometer (AfiAct Pedometer Plus, Afimilk, Kibbutz Afikim, Israel) at least 10 d before the end of the herd voluntary waiting period (VWP). Cows in the AAM treatment were inseminated at times indicated by the automated alert system for up to 90 d after the VWP. If an open cow experienced no AAM alert for a 39 ± 7-d period (beginning at the end of the VWP), hormone intervention in the form of a single injection of either PGF 2α or GnRH (no TAI) was permitted as directed by the herd veterinarian. Subsequent to hormone intervention, cows were inseminated when alerted in estrus by the AAM system. Pregnancy was diagnosed by ultrasound 33 to 46 d after insemination. Pregnancy loss was determined via a second ultrasound after 60 d pregnant. Timed artificial insemination cows experienced a median 11.0 d shorter time to first service. Automated activitymonitored cows experienced a median 17.5-d shorter service interval. No treatment difference in probability of pregnancy to first AI, probability of pregnancy to repeat AI, pregnancy loss, time to pregnancy, or proportion of pregnant cows at 90 d past the VWP existed. Based on these results, inseminating cows using AAM with hormone intervention can achieve a level of reproductive performance comparable to TAI. Considering the strict cow selection criteria used in this study, interpretation of results for on-farm implementation should be performed cautiously; the results cannot be directly extrapolated to whole herds of cows.
INTRODUCTION
Estrus detection efficiency is a major limiting factor in dairy reproductive performance (Heersche and Nebel, 1994; Nebel and Jobst, 1998; Ferguson and Skidmore, 2013) . The Dairy Records Management Systems reported mean yearly estrus detection rate on US Holstein herds (including all reproductive-management programs) as 44.9% in 2014 44.9% in (DRMS, 2015 . Poor estrus detection may be a result of the short duration of estrus (6.2 ± 0.5 h) observed in high-producing North American Holstein cows (Lopez et al., 2004) . Increasing age and environmental factors (greater ambient temperature, uncomfortable housing, and so on) can also negatively affect the length and intensity of estrus expression (Vailes and Britt, 1990; López-Gatius et al., 2005; Palmer et al., 2010) . Timed artificial insemination (TAI), commonly accomplished through a synchronization protocol known as Ovsynch (Pursley et al., 1995) , has successfully been implemented on many farms as an aid or replacement for visual estrus detection. Unfortunately, a lack of protocol compliance (i.e., missed injections) often reduces the success of TAI (Galvão et al., 2013) . Additionally, consumer concerns surrounding hormone use could limit this management option in the future (Saint-Dizier and Chastant-Maillard, 2012; Nebel, 2013) .
One alternative to TAI is automated estrus detection (AED) technologies. Parameters with potential for AED include mounting events, activity level, lying time, rumination events, blood or milk progesterone levels, feeding time, and body temperature (Senger, 1994; Saint-Dizier and Chastant-Maillard, 2012; Fricke et al., 2014a) . Challenges associated with AED include determining how and when to intervene with anovular or otherwise undetected cows and determining the best time to inseminate relative to behavioral changes (Fricke et al., 2014a) . Variation among animals complicates both of these factors. Another drawback associated with AED, as identified in producer surveys, is the large investment cost and uncertainty in payback period (Russell and Bewley, 2013; Borchers and Bewley, 2015) .
Most AED technologies currently available to dairy farmers work via automated activity monitoring (AAM). In an evaluation by Liu and Spahr (1993) , 74.2% of estrus events were detected by AAM when using pregnancy diagnosis to define estrus periods. In comparison, direct visual observation only detected 57.6% of estrus events. Cavalieri et al. (2003) compared AAM to a rump-mounted pressure-sensitive mounting detector and tail paint using milk progesterone levels and pregnancy diagnosis as verification. They found no differences in the proportion of true estrus events detected (81.4, 88.4, and 91.3%, respectively) . Estrus detection risk of AAM, as reported in other studies, ranges between 51.0 and 89.2% in both confinement and pasture situations (Roelofs et al., 2005; Dela Rue et al., 2014) .
Direct comparisons of reproductive performance in dairy cows inseminated by TAI versus AAM are limited. Galon (2010) found no difference in first service conception risk (CR; 17.6 vs. 22.6%, respectively) between cows inseminated based on AAM versus those on a TAI protocol, but a small sample size (n = 140) from only 1 herd limits the interpretation of those results. Neves et al. (2012) compared TAI to AAM using over 900 animals from 3 herds, finding no differences in pregnancy risk (15.9 vs. 14.6%) or CR (30.0 vs. 31.0%). However, results from that study are difficult to interpret because insemination based on visual detection was permitted in both treatment groups and differing TAI protocols were used on each herd. In a follow-up study, Neves and LeBlanc (2015) Limitations also existed in that study, including that comparisons were observational only and made between and not within herds.
The objective of the current study, using 3 commercial dairy herds, was to compare the reproductive performance of cows inseminated based on AAM with hormone intervention to cows from the same herds inseminated using only an intensive TAI program. Both reproductive-management programs tested represent potential alternatives to traditional visual estrus detection. To provide a controlled experimental environment, as free as possible from confounding factors, only cows meeting specific criteria were included in the comparison.
MATERIALS AND METHODS
Our study was conducted in 3 commercial dairy herds in Kentucky. All 3 herds milked Holsteins exclusively. Farm location, herd size, and willingness to participate were considered during herd selection. The size, housing type, and general performance characteristics of each herd are presented in Table 1 . As evaluated using the 1 to 5, 0.25-point BCS system developed by Ferguson et al. (1994) .
4 CBPB = compost-bedded pack barn. Cows in the study may have been housed on 1 or switched between these 2 housing systems in herd A.
Study Design
Each herd manager agreed to enroll cows in the study for 1 yr, beginning in October 2012. At the conclusion of 1 yr, cows from herds A and B continued to be enrolled for an additional 3 mo. All cows in herd C completed the study by January 2014. The last cows in herds A and B completed the study in June 2014.
Cows were assigned to a treatment group in 14-d intervals when they reached 17 to 31 d before the end of the voluntary waiting period (VWP), which differed by herd (Table 1) . To be eligible for this experiment, cows had to meet specific health requirements. First, each cow underwent a routine reproductive exam by the herd veterinarian to verify normal progression of uterine involution (free of any clinical signs of metritis or pyometra) and expected ovarian activity (determined by palpating the ovaries for corpus luteum and preovulatory follicle presence). Cows were excluded from the study if they did not pass this exam (n = 149). Second, each cow's BCS was evaluated using a 1-to 5-scale (Ferguson et al., 1994) . Cows with a BCS less than 2.50 (emaciated; n = 27) or greater than 3.50 (fat; n = 20) were excluded from the study. Remaining cows were grouped into 2 BCS categories: 2.50 to 2.75 and 3.00 to 3.50. Third, cows must have been free of clinical metabolic disorders postcalving. Cows were excluded from the study if they had a record of experiencing a clinical metabolic disorders in the current lactation (n = 11). These criteria were set in an attempt to reduce the effect of factors known to influence cow fertility, allowing a controlled comparison of the 2 nonvisual reproductive-management programs. One factor that may have affected fertility that was not assessed is lameness. Because our study was conducted on commercial farms, collecting records on lameness occurrence was difficult. If left to the herd managers, timing of lameness identification would likely have been inconsistent. On-farm assessment could have been conducted by the researchers, but identifying precise lameness onset would have required more frequent visits to each herd.
Eligible cows were classified by parity (primiparous or multiparous) and predicted milk yield using DHIA records. Each cow's predicted milk yield was classified as greater or less than herd PTA milk mean. If PTA milk was not available for a cow, estimated relative producing ability milk was used. If neither PTA milk nor estimated relative producing ability milk was available, first test day milk production was used. Assignment of cows to treatments (TAI or AAM) followed, alternating alike herdmates (determined by parity category and predicted milk yield classification) between treatments. This allocation procedure resulted in treatments balanced for parity (1.94 ± 1.13 and 2.13 ± 1.35 for TAI and AAM, respectively) and summit milk, defined as the mean of the 2 greatest milk yields from the first 3 test days (39.62 ± 8.61 and 39.43 ± 8.56 kg for TAI and AAM, respectively). Forty-five cows were enrolled twice during the study period. Because this number was too small to correctly account for repeated measures, only the first completed enrollment for each cow was included in the statistical analysis.
Cows were managed according to the experimental protocol until 90 d after the end of the VWP. At that point, the herd manager was permitted to use any reproductive management practice he or she desired to breed nonpregnant cows.
TAI Treatment
Ovulation synchronization in cows assigned to the TAI treatment involved a combination of protocols commonly referred to as G7G (defined below), Ovsynch, and Resynch ( Figure 1 ). The G7G presynchronization began 6 to 19 d before the end of the VWP, with groups starting every 14 d. The G7G protocol consisted of PGF 2α (dinoprost tromethamine, Lutalyse; Zoetis, Florham Park, NJ; 25 mg i.m.) and GnRH (gonadorelin diacetate tetrahydrate, Cystorelin; Merial Limited, Duluth, GA; 100 μg i.m.) administered 9 and 7 d before beginning Ovsynch, respectively. The Ovsynch protocol consisted of GnRH on d 0 (0800 h), followed by PGF 2α on d 7 (0800 h), GnRH on d 9 (1600 h), and insemination on d 10, 0 to 13 d after the end of the VWP (0800 h; Pursley et al., 1995) . Resynch began with GnRH 1 wk before pregnancy diagnosis and continued only if cows were not pregnant. Resynch cows received PGF 2α at the time of nonpregnancy diagnosis, followed by GnRH and AI 56 and 72 h later, respectively. This method allowed up to 3 inseminations in TAI cows during the 90-d study period. Herd managers supervised the synchronization protocol and each possessed previous experience with TAI protocols.
AAM Treatment
The AAM technology, measuring 9.2 × 7.4 × 2.4 cm and weighing 92 g (AfiAct Pedometer Plus, Afimilk, Kibbutz Afikim, Israel), was attached to a rear leg at least 10 d before the end of the VWP to establish the normal activity level of each cow. In herds B and C, only cows assigned to the AAM treatment received the ankle-mounted, AAM technology. In herd A, all cows received the AAM technology, but only AAM treatment cows were inseminated using the technology alerts. The AAM system continuously recorded activity level using a 3-axis accelerometer that relayed information to a computer during milking. Steps per hour since the last milking and a 10-d backward moving mean steps per hour were automatically calculated after each data download. An estrus alert was generated when the most recent measurement of a cow's steps per hour exceeded her 10-d backward moving mean by a specific amount, as determined using a proprietary algorithm consistent across herds. Herd managers were instructed to check the AAM alert list twice per day and inseminate AAM cows once per alerted estrus, unless specific management practices (i.e., pen changes, hoof trimming, and so on) indicated a false alert. All herds began using the AAM system in March 2012 (6 mo before beginning the study) and were considered past the initial adjustment and learning stage at the beginning of the study.
If an open cow experienced no AAM alert for a period of 39 ± 7d (beginning at the end of the VWP and continuing throughout the 90-d study period), hormone intervention in the form of a single injection of either PGF 2α or GnRH (no TAI) was permitted as directed by the herd veterinarian after palpation. Subsequent to hormone intervention, cows were inseminated when alerted in estrus by the AAM system. Regardless of hormone intervention, cows remained in the AAM treatment for statistical analysis.
Pregnancy Diagnosis
The herd veterinarian or a trained researcher conducted pregnancy diagnosis via ultrasound at 39 (herd B and herd C) or 40 d (herd A) postinsemination for TAI cows and 39 ± 7 (herd B and C) or 40 ± 7 d (herd A) postinsemination for AAM cows. Pregnancy loss was determined via a second ultrasound after 60 d pregnant.
Herd Records
Calving dates, predicted milk yield, insemination dates, pregnancy diagnosis, and culling information for each herd were obtained through PCDART (Dairy Records Management Systems, Raleigh, NC). These records were used to calculate time to first service, probability of pregnancy to first AI, probability of preg- nancy to repeat AI, service interval, pregnancy loss, time to pregnancy, and the proportion of cows pregnant at 90 d past the VWP. Because of differences in herd VWP, time to first service and time to pregnancy was calculated as days past the VWP.
Cows in the AAM treatment that were never inseminated were excluded from the statistical analysis of probability of pregnancy to first AI, probability of pregnancy to repeat AI, service interval, and pregnancy loss. Additionally, cows that never became pregnant were excluded from the pregnancy loss statistical analysis. Table 2 includes the final number of cows from each treatment used for each analysis.
Statistical Analysis
To analyze probability of pregnancy to first AI, pregnancy loss, and proportion of cows pregnant at 90 d past the VWP, binomial data sets were created using 1 to identify the occurrence of each event (pregnancy or pregnancy loss) and 0 to identify no event occurrence. The GENMOD procedure of SAS 9.3 (SAS Institute Inc., Cary, NC) was used to analyze the effects of treatment, herd, parity category, BCS category, and interactions between treatment and the other covariates on the probability of pregnancy to first AI, pregnancy loss, and the proportion of cows pregnant at 90 d past the VWP:
where y ijklm is the outcome variable of the mth cow, in the lth BCS category, in the kth parity category, in the jth herd, with treatment i; μ is the intercept; i is TAI or AAM; j is herd A, B, or C; k is primiparous or multiparous; l is BCS of 2.50 to 2.75 or 3.00 to 3.50; and e ijklm is residual error.
A similar binomial model evaluated the probability of pregnancy to repeat AI. The only difference in that model was that a repeated measures statement was included to account for cows contributing multiple insemination events. All main effects remained in each GENMOD model, regardless of significance. Two-way interactions remained in models when P < 0.05, as determined through stepwise backward elimination.
Survival analysis was used to evaluate the effect of treatment on time to first service (censored at the end of the study period), service interval, and time to pregnancy (censored at the end of the study period) using the PHREG procedure of SAS. The hazard ratio and 95% confidence intervals were reported from each anal- Table 2 . Summary of time to first service, probability of pregnancy to first AI, probability of pregnancy to repeat AI, service interval, pregnancy loss, time to pregnancy, and the proportion of cows pregnant at 90 d past the voluntary waiting period for 3 commercial dairy herds in a study comparing 2 reproductive-management programs (n in parentheses) Parameter Lowercase letters indicate significant differences within effect and row (P < 0.05). ysis. The UNIVARIATE procedure of SAS was used to calculate the median time to each event (±SEM) for both treatments. All analyses were designed to test for noninferiority of the AAM treatment compared with the TAI treatment. A poststudy power test was calculated and final sample size (n = 523) was determined adequate for detecting a 5-d difference in time to first service, service interval, and time to pregnancy between treatments as well as a 10% difference in probability of pregnancy to first AI and proportion of cows pregnant at 90 d past the VWP. An additional 114 cows per treatment would be required to find a 10% difference in probability of pregnancy to repeat AI and pregnancy loss. The final power for those analyses (the probability that the test correctly rejected the null hypothesis) were 0.61 and 0.62, respectively. Results should be interpreted accordingly, keeping in mind the allowable difference for all analyses and the power level for the probability of pregnancy to repeat AI and pregnancy loss analyses.
RESULTS AND DISCUSSION
Throughout the study, 798 cows were initially enrolled (249 from herd A, 171 from herd B, and 378 from herd C). The study objective was to compare reproductive performance in cows inseminated based on either of the 2 nonvisual reproductive management programs. Consequently, cows reported by herd managers as being inseminated based on visual observation of estrus during the study period were removed from statistical analysis (n = 53). Additionally, any cows that were (1) reported by the herd manager as having missed TAI injections (n = 59), (2) found to be eligible for insemination during a period of AAM system failure (n = 43), (3) not inseminated at the time of an AAM alert as reported by the herd manager (n = 6), (4) culled during the 90-d study period (n = 61), or (5) removed from the study by the herd manager for health or other reasons (n = 51) were also excluded from the statistical analysis. After removing those cows, 523 cows remained in the analysis (207 from herd A, 139 from herd B, and 177 from herd C).
Of the cows that completed the study, 51.4% were in the TAI group (n = 269) and 48.6% were in the AAM group (n = 254). In the AAM group, 25.2% (64/254) of all cows received hormone intervention (79.7% PGF 2α and 20.3% GnRH). Although an effort was made to exclude any anovular cows, some cows were likely missed because 14.6% (37/254) of AAM cows received hormone intervention before first service. Another possibility is that the AAM threshold was set too high to create alerts for some cows with modest increases in activity during estrus, especially lame cows. Setting a threshold for alerts can be challenging because it requires a balance between false positives (if set too low) and false negatives (if set too high). Hormone interventions occurring after first service could be linked to early embryo loss, resulting in an extended length of time between estrus events in AAM cows . Of the AAM cows that received hormone intervention, reinsemination occurred in 92.2% (59/64) before the end of the 90-d study period.
Time to First Service
Cows in the AAM treatment experienced a longer time to first service than cows in the TAI treatment (hazard ratio = 0.19, 95% CI = 0.15-0.24; P < 0.01). The median time to first service was 11 d shorter in TAI cows compared with AAM cows (Table 2) .
The 11-d difference in median time to first service between treatments resulted from cows in the AAM treatment requiring natural estrus expression before the first insemination, whereas insemination of TAI cows occurred in the first 14 d after the end of the VWP (Figure 2a) . The difference found in our study is similar to the 18 fewer days to first service Norman et al. (2009) reported in TAI managed cows compared with unsynchronized cows. The proportion of AAM cows not inseminated by 25 and 46 d past the VWP was 21.7 and 10.6%, respectively. These missed inseminations represent anovular cows or estrus events undetected by the AAM system.
Probability of Pregnancy to First AI
Probability of pregnancy to first AI was not different between TAI and AAM treatments (P = 0.81; Table  2 ). Cows undergoing TAI in our study were subject to presynchronization (G7G) before first service, which should have enhanced fertility by reducing variation in time to ovulation (Bello et al., 2006) . The ability to use hormone intervention on AAM cows not displaying increased activity may have offset some of the presynchronization advantage.
Herd affected probability of pregnancy to first AI (P < 0.01; Table 2 ). The differences between herds resulted from a lesser probability of pregnancy to first AI in herd C (30.1 ± 3.6%) and a greater probability of pregnancy to first AI in herd A (52.8 ± 3.5%), whereas herd B fell in the middle (41.0 ± 4.2%). Reproductive performance before the study began was least in herd C (pregnancy rate = 17, 16, and 10% for herds A, B, and C, respectively, in September 2012; PCDART) and continued inferior performance was expected. Although the study design attempted to eliminate anovular cows, herd A VWP was 20 d longer and may have been an advantage by giving cows longer to establish normal cyclicity before consideration for insemination. Stevenson and Phatak (2005) found that delaying first service 3 wk (from 56 to 77 DIM) improved CR by 20.1%. Probability of pregnancy at first AI was not affected by parity category (P = 0.61) or interactions between treatment and covariates.
Probability of Pregnancy to Repeat AI
Probability of pregnancy to repeat AI was not was not different between TAI and AAM treatments (P = 0.88; Table 2 ). Herd did affect probability of pregnancy to repeat AI (P < 0.01; Table 2 ). The herd effect resulted from a lesser probability of pregnancy to repeat AI in herd C (31.1 ± 4.3%) compared with herd B (54.5 ± 5.6%). Probability of pregnancy to repeat AI was not different between herds B and A (40.1 ± 5.0%). Similar to probability of pregnancy to first AI, herd C was expected to maintain an inferior performance compared with herds A and B. Probability of pregnancy to repeat AI was not affected by parity category (P = 0.43), BCS category (P = 0.14), or interactions between treatment and covariates.
Service Interval
Cows in the AAM treatment experienced a shorter service interval than cows in the TAI treatment (hazard ratio = 2.23, 95% CI = 1.73-2.88; P < 0.01). The median service interval for TAI cows was 17.5 d longer than AAM cows ( Table 2) .
The 17.5-d difference in median service interval resulted from the ability to rebreed open AAM cows as soon as the AAM system detected them returning to estrus. Conversely, TAI cows did not undergo reinsemination until after pregnancy diagnosis, regardless of observed estrus activity (Figure 2b ). The long service interval identified in TAI cows in our study emphasizes why many herds have chosen to combine TAI and visual detection of estrus or AAM, rather than using TAI and resynchronization alone. Similarly, using hormone intervention to supplement AAM is also a common practice to deal with cows not detected in estrus using AAM alone.
Pregnancy Loss
Pregnancy loss was not different between TAI and AAM treatments (P = 0.20, Table 2 ). Lee and Kim (2007) also found no difference in pregnancy loss between synchronized animals (9.0%) and nonsynchronized animals (6.3%). The pregnancy loss observed in both treatments (8.2-12.1%) was similar to previous reports of 7.2% pregnancy loss between 28 and 84 d (Silke et al., 2002) and 12.5% pregnancy loss between 31 and 45 d . Pregnancy loss was not affected by herd (P = 0.32), parity category (P = Figure 2 . Survival curves representing (a) time to first service in days past the voluntary waiting period, (b) service interval, and (c) time to pregnancy in days past the voluntary waiting period for dairy cows inseminated according to timed artificial insemination (TAI) or automated activity monitoring with hormone intervention (AAM). Time to first service was longer for the AAM treatment (hazard ratio = 0.19; P < 0.01) and service interval was shorter for the AAM treatment (hazard ratio = 2.23; P < 0.01). No treatment difference was observed for time to pregnancy (hazard ratio = 1.00; P = 0.97). 0.15), BCS category (P = 0.51), or interactions between treatment and covariates.
Time to Pregnancy
Cows in the AAM treatment experienced a similar relative pregnancy rate to cows in the TAI treatment (hazard ratio = 1.00, 95% CI = 0.84-1.18; P = 0.97; Table 2 ). Therefore, despite the 11-d longer time to first service, cows in the AAM treatment were able to catch up to those in the TAI treatment. The majority of this effect can be attributed to the 17.5-d shorter service interval in the AAM treatment.
Despite the lack of difference in relative pregnancy rate between treatments, differences in pattern of pregnancy establishment are evident (Figure 2c ). The proportion of cows not pregnant in the AAM treatment decreases steadily over time, illustrating the distribution of natural estrus expression among those cows. Conversely, cows in the TAI treatment were grouped so that the synchronization protocol began every 14 d. Therefore, the proportion of cows not pregnant in the TAI treatment decreases according to the CR over the 14-d insemination window at the end of the herd VWP. The same pattern repeats from 42 to 55 and 77 to 90 d past the herd VWP, indicating when resynchronization TAI occurred.
Proportion of Pregnant Cows at 90 d Past the VWP
The proportion of pregnant cows at 90 d past the VWP was not different between TAI and AAM treatments (P = 0.67; Table 2 ). This lack of difference is consistent with no significant difference in time to pregnancy between treatments. Herd (P < 0.01) affected the proportion of pregnant cows at 90 d past the VWP. The proportion of pregnant cows at 90 d past the VWP was 24% less for herd C than either herd A or B ( Table  2 ). The reduced probability of pregnancy to first AI observed in herd C support these results. The proportion of pregnant cows at 90 d past the VWP was not affected by parity category (P = 0.31) or interactions between treatment and covariates.
Further Discussion
Successful implementation of TAI as an aid or replacement to visual estrus detection has occurred on many farms. However, TAI requires strict compliance and dedicated labor for success. Based on the results of our study, a reproductive-management program supplementing AAM with hormone intervention can achieve similar effectiveness to strict TAI. However, because our study excluded around 20% of the cows in these herds because of abnormal reproductive tract examinations, low or high BCS, and metabolic disorders, interpretation of results for on-farm implementation should be performed cautiously, keeping in mind that those cows omitted from our study would be more likely to respond to TAI than AAM.
Although not evaluated in our study, a more practical on-farm practice could be to supplement AAM with TAI. Recently, Fricke et al. (2014b) evaluated the effectiveness of TAI, with or without AAM at first service. They found that supplementing TAI with AAM reduced time to first service by 7.5 to 12.4 d, but decreased CR by 8.0% as compared with TAI alone. In another study, Stevenson et al. (2014) compared pregnancy rates of cows inseminated to a presynchronization, Ovsynch, Resynch TAI protocol with cows inseminated using AAM with hormone intervention if not inseminated by specific time points. Mean days to conception of cows in the AAM with hormone intervention group was 24 d less than TAI alone. Further research comparing different TAI protocols, AAM systems with various sensitivity settings, or a combination of these 2 systems may be warranted.
Although both reproductive-management strategies produced similar results in our study, the economics of each system should be analyzed before adoption on a commercial herd. The initial investment in AAM is large, but may be offset by reoccurring injection and labor costs associated with TAI. Fricke et al. (2014b) found that net present value per cow per year of TAI and AAM reproductive-management programs differed by only $4.00 to $8.00. This indicates that multiple reproductive-management programs can be economically feasible, depending on individual herd scenarios.
